1. Introduction {#s0005}
===============

In late December 2019, an outbreak of novel coronavirus disease (known as COVID-19) was first reported in the city of Wuhan (China). With new cases emerging rapidly across the other regions of China and worldwide, COVID-19 has been stated as a global pandemic by the World Health Organization (WHO). As of April 17th, 2020, more than 2,190,010 COVID-19 cases with 147,010 deaths have been recorded worldwide \[[@bb0005]\].

Although most patients with COVID-19 initially present with fever and mild to moderate respiratory symptoms \[[@bb0010]\], various degrees of pulmonary manifestations develop later on chest computed tomography (CT) studies. It has been suggested that a high mortality rate occurs in patients with severe disease and is associated with advanced age and underlying comorbidities, such as malignancies \[[@bb0015], [@bb0020], [@bb0025]\]. The study by Liang et al. \[[@bb0030]\] on 1590 patients with COVID-19 in China has asserted that pre-existing conditions (including malignant neoplastic disease) correlate positively with poorer clinical outcomes, similar to previous findings in other severe acute respiratory diseases, such as SARS and MERS \[[@bb0035]\]. Eighteen patients with a history of cancer were found among 1590 patients with confirmed coronavirus disease 2019 (COVID-19), which was higher than the general population, probably indicating a higher risk of viral infection in this population. On the other hand, patients with concomitant COVID-19 and cancer were noted to have a higher risk of severe events.

Despite some uncertainties due to lack of sufficient data in this field \[[@bb0040],[@bb0045]\], patients with cancer should be considered susceptible to infection due to their immunocompromised status caused by the malignancy and chemoradiotherapy. Therefore, during the present widespread community transmission of COVID-19 pneumonia, some practical steps regarding diagnosis and management of the infection in patients with pre-existing malignancies should be taken.

Due to the limited availability of viral testing kits and growing concern for test sensitivity from earlier reports \[[@bb0050]\], chest CT has been considered to be a fundamental element of the evaluation of patients with suspected or known COVID-19 infection. Indeed, CT has been found to be useful as a fast and sensitive diagnostic tool for COVID-19 infection to improve patients\' management. The spectrum of radiological findings seen in COVID-19 has been widely discussed in literature \[[@bb0055], [@bb0060], [@bb0065], [@bb0070]\]; Multifocal bilateral ground-glass opacities (GGOs) with a peripheral distribution and later superimposition of consolidation and possible vascular ectasia have been reported as the main imaging features. However, most of these publications have been merely focused on acute respiratory COVID-19 infection occurring in general population, mainly previous-healthy patients without underlying diseases. Only a few studies have described CT patterns of COVID-19 pneumonia in individuals with the pre-existing pulmonary disease \[[@bb0075],[@bb0080]\]. To the best of our knowledge, no study has been conducted to evaluate chest CT features in patients with malignancy and concomitant COVID-19 infection and the specific imaging findings have not yet been fully understood in this setting. In this manuscript, we go over imaging findings in chest CT of patients with COVID-19 and known cancer.

2. Lung cancer {#s0010}
==============

The spread of COVID-19 pneumonia has affected the routine diagnosis and management of most chronic diseases, including malignancies \[[@bb0085], [@bb0090], [@bb0095], [@bb0100], [@bb0105]\]. As mentioned before, patients with pre-existing cancer are not only more susceptible to the disease, but also pose a poorer clinical prognosis \[[@bb0030]\]. Specifically, patients with lung cancer require particular attention due to the higher mortality rate \[[@bb0090]\]. However, accurate diagnosis and optimal treatment of COVID-19 in patients with lung cancer can present a real challenge to clinicians. Many symptoms of pneumonia may resemble the symptoms or complications of lung malignancies. Even the radiologic findings of lung cancer, such as parenchymal consolidation, spiculation, and microlobulations are not specific, and infections can present similar features \[[@bb0110]\]. To carefully identify COVID-19 infection in patients with lung cancer who develop respiratory symptoms, epidemiologic data, and detailed clinical history combined with chest CT seem to be of great value.

Imaging findings of COVID-19 infection in patients with lung cancer consist of multiple patchy GGOs and consolidations \[[@bb0090]\], which can be hardly separable from the primary lung tumor ([Fig. 1](#f0005){ref-type="fig"} ). However, although peripheral GGOs and consolidations are usually highly suggestive of superimposed COVID-19 pneumonia, these findings can be hardly distinguishable from an underlying lung malignancy or other opportunistic infections in patients with known lung cancer and warrant clinical, epidemic and laboratory correlation with PCR testing.Fig. 1COVID-19 in lung cancer. A fifty-year-old patient with history of lung cancer presented with new-onset fever. Axial images of chest CT reveal lobulated right para-hilar mass (a; black arrows), resulting in post-obstructive collapse and consolidation, consistent with the patient\'s known lung cancer. Associated ground-glass opacity involving the right upper lung (a, b; white arrows) is also noted, concerning for superimposed atypical infection, such as COVID-19, a diagnosis which was subsequently confirmed with RT-PCR. The narrowing of right main bronchus (c; curved arrow) is also observed. Furthermore, soft tissue window images of the chest reveal prominent right para-tracheal and internal mammary lymphadenopathy (d;☆), which can be metastatic in etiology or reactive to concomitant infectious/inflammatory process.Fig. 1

3. Hematologic malignancies {#s0015}
===========================

3.1. Acute myeloid leukemia (AML) {#s0020}
---------------------------------

As per the early published reports from China, patients with cancer infected with SARS-CoV-2 are at a higher risk of complications, ICU admission, mechanical ventilation, and death (6). Active hematologic cancers such as non-Hodgkin lymphoma, chronic lymphocytic leukemia, acute myeloid leukemia, acute lymphoblastic leukemia, and multiple myeloma \[[@bb0115],[@bb0120]\] are believed to have a significant risk for developing COVID-19 infection, due to their profound immune deficits. Patients on chemotherapy or with a history of marrow transplant constitute the most vulnerable population \[[@bb0125], [@bb0130], [@bb0135], [@bb0140], [@bb0145]\].

Due to this high vulnerability, all patients with neutropenic fever might be considered undergoing CT-scan to determine to exclude parenchymal abnormalities. Generally, CT findings of COVID-19 pneumonia in patients with underlying hematologic malignancies include interstitial or alveolar infiltrations, resulting in reticulations or ground-glass opacities ([Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"} ). However, in leukemic patients, non-infectious diseases (such as hemorrhage and adult acute respiratory distress syndrome \[ARDS\] may also present with similar features \[[@bb0145]\]. Hence, a definitive diagnosis cannot always be made based on imaging features alone.Fig. 2Subtle findings of COVID-19 infection in AML. A twenty-five-year-old man with a history of AML for over a year, presented with fever. Axial CT images (a) and (b) demonstrate small faint nodular ground-glass opacity in posterolateral aspect of right upper lobe. Although this finding is not typical for COVID-19, due to the underlying immunodeficiency from chemotherapy, and extensive local spread of the disease in the community (Iran), RT-PCR testing was performed, which was positive for COVID-19.Fig. 2Fig. 3COVID-19 infection in a known case of AML. A thirty-three-year-old woman, a new case of AML since three months ago, admitted with cough and fever. (a) Axial CT image reveal ground-glass opacities (thick arrows) in basal segments of both lower lungs, in favor of COVID-19 infection. Also, large bilateral axillary lymphadenopathies (white stars) are observed (b), likely secondary to the underlying hematologic disease or less likely reactive to the superimposed infectious process. Incidental note is made of a soft tissue mass within posterior depth of the right breast (\*), concerning for primary breast neoplasm versus leukemic infiltration.Fig. 3Fig. 4COVID-19 in AML. A twenty-two-year-old man with a history of AML for nine months was referred with fever and cough. Axial and coronal CT images demonstrate GGO (a) and consolidation (thick arrows) in right upper (b) and para-mediastinal right lower lobe (c), suspicious for SARS-CoV-2 pneumonia. Subsequent PCR testing confirmed COVID-19. Hepatosplenomegaly (\*) is also identified in the soft tissue window images of the upper abdomen.Fig. 4

On the other hand, it cannot be overemphasized that COVID-19 in AML patients may present with atypical or subtle findings, which presents an important challenge in their diagnosis and timely treatment. In this setting, CT-scan may demonstrate only minimal small ground-glass lesions in the lungs, disproportionate to the patient\'s symptomatology ([Fig. 2](#f0010){ref-type="fig"}). This suggests that during the pandemic, in patients with hematologic malignancies, COVID-19 should be considered among the differential considerations even with mild or atypical clinical presentations and subtle and atypical radiologic findings. In this specific patient population, the threshold for RT-PCR testing should be significantly lower, particularly for those who live in the endemic regions. Also, atypical radiologic presentations cannot necessarily exclude COVID-19 infection in the presence of an underlying hematologic disease.

3.2. Lymphoma {#s0025}
-------------

Similar to leukemia, pulmonary infiltrative lesions in CT-scan of patients with lymphoma can be representative of various pathologies \[[@bb0150]\]. Acute respiratory SARS-CoV-2 infection may sometimes complicate the underlying pulmonary lymphomatous infiltration ([Fig. 5](#f0025){ref-type="fig"} ). In this setting, GGOs and patchy consolidation patterns could be suggestive of superimposed COVID-19, which needs confirmation by RT-PCR. However, differentiation between the various causes of radiologic pulmonary lesions in these patients is not always straightforward and may lead to diagnostic difficulties.Fig. 5COVID-19 infection in lymphoma. A forty-five-year-old female with non-Hodgkin\'s lymphoma for few years developed COVID-19. Axial CT images reveal multiple lobulated-border masses involving bilateral lungs (a and b), in favor of lymphomatous infiltration (short thick arrows). Superimposed GGOs and consolidations are identified involving the left lung, concerning for acute respiratory SARS-CoV-2 infection (long thin arrows).Fig. 5

3.3. Breast cancer {#s0030}
------------------

Like other malignancies, breast cancer patients are in lower immune status and prone to adverse reactions, such as leukopenia and other treatment-related complications during the course of chemotherapy. Therefore, they are considered to be at high risk for pneumonias and at a higher risk of developing severe events \[[@bb0155]\]. COVID-19 in patients with breast cancer demonstrates multifocal pulmonary GGOs ([Fig. 6](#f0030){ref-type="fig"} ), which can be hard to be differentiated from the underlying pulmonary metastases ([Fig. 7](#f0035){ref-type="fig"} ).Fig. 6COVID-19 infection in breast cancer. A sixty-one-year-old female with a history of right breast cancer presented with progressive dyspnea and new onset fever. Axial and coronal CT images (a), (b), and (c) reveal diffuse GGOs and consolidations (thick arrows) in both lungs, highly suggestive of COVID-19 infection, that was confirmed with subsequent RT-PCR. Associated pleural effusion (a-d) is an atypical feature for COVID-19 and can be due to underlying metastatic disease. Right sided breast mass (\*) with asymmetric right breast enlargement and cutaneous thickening and malignant pericardial effusion (curved arrow) are also noted.Fig. 6Fig. 7COVID-19 infection in breast cancer. A fifty-year-old female with history of metastatic left breast cancer was referred for CT chest due to new-onset fever. Axial CT (a), (b), and (c) demonstrate scattered bilateral GGOs and consolidations (thick arrows) concerning for superimposed COVID-19 infection on pulmonary metastases. Also, there is pleural fluid in the left major fissure and interlobular septal thickening (a, b). Moreover, left axillary lymphadenopathy (d; ☆) the primary breast cancer (e; \*), and parenchymal, pleural and pericardial metastases and effusion (e; curved arrows) are identified.Fig. 7

3.4. Gastrointestinal malignancies {#s0035}
----------------------------------

It has not yet been fully explored as to whether patients with gastrointestinal cancers are more prone to SARS-CoV-2 infection compared to the rest of the population \[[@bb0160]\]. In a recent analysis from China \[[@bb0030]\], eighteen of 1590 COVID-19 cases (1%) had a history of cancer, among which, three patients had a history of colorectal cancer. It was found that patients with COVID-19 and cancer have a higher risk of severe complications. During the COVID-19 epidemic, patients with gastrointestinal tumors who develop respiratory symptoms should be closely monitored with clinical and epidemiologic data, chest CT-scan and, RT-PCR panel. Pulmonary infiltrative lesions, including GGOs, even in atypical distribution, should be considered highly suspicious for COVID-19 in this setting and warrant further evaluation by RT-PCR ([Fig. 8](#f0040){ref-type="fig"}, [Fig. 9](#f0045){ref-type="fig"}, [Fig. 10](#f0050){ref-type="fig"} ). It should also be pointed out that a thorough investigation of chest CT-scan is mandatory in all cancer patients with suspect or known COVID-19 infection, in order to avoid missing significant accompanying pathologies, such as newly-appeared metastases ([Fig. 9](#f0045){ref-type="fig"}, [Fig. 10](#f0050){ref-type="fig"}).Fig. 8COVID-19 infection in metastatic gastric cancer. A sixty-year-old male with a history of metastatic gastric cancer presented with abdominal pain and fever. On coronal CT image of the abdomen and pelvis (a) incidental note is made of ground-glass opacity involving bilateral lung bases (black arrows), concerning for COVID-19 infection. Liver metastases (b; white arrows) and irregular wall thickening of stomach due to the known primary carcinoma (c; arrowhead) are also noted.Fig. 8Fig. 9COVID-19 infection in metastatic gastric cancer. A fifty-two-year-old male was referred for CT chest because of recent respiratory symptoms (dyspnea and dry cough). Axial and coronal CT images (a) and (b) demonstrate peripheral GGO in the right lower lobe (short thick arrows), suggestive of COVID 19 infection, which was confirmed on PCR testing. Additional findings related to the underlying cancer, such as gastric wall thickening (c; thin arrows) and a solitary metastatic right paracardiac pulmonary nodule (d; thin arrows) are also identified.Fig. 9Fig. 10COVID-19 infection in colon cancer. A seventy-year-old female, who was diagnosed with colon cancer more than ten months ago and was treated with surgery presented with new dyspnea and dry cough (without fever) two weeks after her last chemotherapy. Chest CT revealed peripheral consolidation and reverse halo sign involving the right lung (a, b; thick arrows) in favor of COVID-19. Also, small subcentimeter soft tissue density non-calcified pulmonary nodule is seen in left upper lobe (a; thin arrow), concerning for metastasis. Subcentimeter prevascular mediastinal lymph node (c; star) is also noted, which is non-specific and can be neoplastic or reactive in etiology.Fig. 10

4. Summary {#s0040}
==========

Although there is insufficient information on how new COVID-19 infection affects cancer patients, the available evidence suggests that this population is at a higher risk of complications. However, the detection of COVID-19 in the setting of pulmonary infiltration in cancer patients can cause a real challenge. Pulmonary infiltration in patients with malignancies can be caused by many infectious and non-infectious etiologies \[[@bb0165]\]. However, the ongoing COVID-19 pandemic and exponentially increasing incidence throughout the world, in at-risk and vulnerable populations such as patients with known malignancies, infection with SARS-CoV-2 should be included in the differential considerations. Furthermore, given lower immune function, a substantial number of these patients may represent atypical clinical symptoms or imaging features, such as few or single pulmonary consolidations or GGOs, which makes the early diagnosis more challenging. Radiologists must be aware that atypical, rare, or subtle CT patterns may be among the presenting radiological features of COVID-19 infection in patients with pre-existing cancer, especially those with hematologic malignancies, history of multiple chemotherapies, and leukopenia. Therefore, raised clinical index of suspicion and low threshold for diagnostic testing, such as RT-PCR and chest CT is needed to allow earlier detection and treatment of this potentially life-threatening disease. Constant vigilance can help early diagnosis, not only for timely diagnosis, but also to ensure appropriate post-exposure precautions are implemented.
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